We utilize elemental-abundance information for Galactic red giant stars in five open clusters (NGC 7789, NGC 6819, M67, NGC 188, and NGC 6791) from the Apache Point Observatory Galactic Evolution Experiment (APOGEE) DR13 dataset to age-date the chemical evolution of the high-and low-α element sequences of the Milky Way. Key to this time-stamping is the cluster NGC 6791, whose stellar members have mean abundances that place it in the high-α, high-[Fe/H] region of the [α/Fe]-[Fe/H] plane. Based on the cluster's age (∼ 8 Gyr), Galactocentric radius, and height above the Galactic plane, as well as comparable chemistry reported for APOGEE stars in Baade's Window, we suggest that the two most likely origins for NGC 6791 are as an original part of the thick-disk, or as a former member of the Galactic bulge. Moreover, because NGC 6791 lies at the high metallicity end ([Fe/H] ∼ 0.4) of the high-α sequence, the age of NGC 6791 places a limit on the youngest age of stars in the high-metallicity, high-α sequence for the cluster's parent population (i.e., either the bulge or the disk). In a similar way, we can also use the age and chemistry of NGC 188 to set a limit of ∼ 7 Gyr on the oldest age of the low-α sequence of the Milky Way. Therefore, NGC 6791 and NGC 188 are potentially a pair of star clusters that bracket both the timing and the duration of an important transition point in the chemical history of the Milky Way.
1. INTRODUCTION The variation of stellar chemical abundances within galaxies contains information about how galaxies are assembled, and tracks processes such as gas accretion, star formation, and stellar migration (e.g., Matteucci & Francois 1989; Gilmore et al. 1989; Prantzos & Aubert 1995; Chiappini et al. 2001; Hayden et al. 2015) . However, the origin and chemical evolution of the Milky Way (MW) disk system has remained a much debated topic over the past few decades, since the discovery of the "thick-disk" as a major structural component of the Galaxy (e.g., Yoshii 1982; Gilmore & Reid 1983; Gilmore et al. 1985; Majewski 1993; Bovy et al. 2012a,b; Robin et al. 2014; Masseron & Gilmore 2015) , though these disk-like stars with extreme metallicity and kinematics have been recognized for at least half a century (as, e.g., the "intermediate Population II" at the 1957 Vatican conference; O'Connell 1957) .
More recently, attention to these issues has been fueled by new data from large, detailed chemical evolution surveys of MW field stars. In the solar neighborhood, the distribution of stars in the [α/Fe] (where α, represents elements such as O, Mg, Si, S, Ca, or Ti) to metallicity (e.g., [Fe/H] ) plane displays two distinct sequences, the "high-α" and "low-α" sequences (García Pérez et al. 2016) .
The high-α sequence extends from metal-poor stars with enhanced [α/Fe] ratios, to stars of roughly solar abundances (e.g. Bensby et al. 2007 ). The shape of this sequence is maintained more or less ubiquitously across the Galaxy (Nidever et al. 2014; Hayden et al. 2015) . These high-α stars are believed to be associated with the thick disk of the MW due to their dynamical phase space distribution (Gratton et al. 1996; Fuhrmann 1998; Prochaska et al. 2000; Bensby et al. 2003; Reddy et al. 2006; Adibekyan et al. 2011; Bensby et al. 2014; Hayden et al. 2015) . Scenarios for the formation of the thick disk have been influenced by its apparent age, location in phase space, and overall abundances relative to the thin diskthese include scenarios that rely on external satellite accretion (Quinn et al. 1993; Brook et al. 2004 ), or on secular evolution of the disk through dissipation, collapse, heating, and/or radial migration (Larson 1976; Gilmore 1984; Sellwood & Binney 2002) . Now that the thick disk is commonly associated with the high-α sequence seen in chemicalabundance studies, additional models have been inspired by taking into account its detailed chemistry. For example, Nidever et al. (2014) found that the high-α sequence can be explained with a leaky-box galactic chemical evolution (GCE) model that uses a nearly constant star formation efficiency (SFE) and a well-mixed, turbulent, and moleculardominated interstellar medium (ISM), consistent with observations from Leroy et al. (2008) .
In these chemical-evolution models of the disk, the origin and evolution of the low-α sequence is less well understood. In contrast with the high-α sequence, the location of the peak density of the low-α distribution in the [α/Fe]-[Fe/H] plane varies with both Galactocentric radius and height above the Galactic plane (Hayden et al. 2015; Nidever et al. 2014) . Despite this, the overall bi-modality of the disk [α/Fe] -[Fe/H] distribution suggests the formation of the thin disk as a distinct, second population of stars, which has been proposed to have originated from a sudden infall of pristine gas ∼ 8 Gyr ago, echoing previous suggestions from Chiappini et al. (1997) . However, Haywood et al. (2013) and Feuillet et al. (2016) used samples of field stars to show that this scenario may be difficult to reconcile with the overlap seen in the ages of outer-disk stars found in the metal-rich end of the high-α sequence and the metal-poor end of the low-α sequence. If born out, this age overlap means either that the transition was not so rapid in the case of a synchronized, Galaxy-wide chemical evolution, or that the transition might have been rapid but the timing of it varied as a function of position in the Galaxy. Such age discrepancies remain one of the key issues facing models that attempt to explain the two α-element sequences in a coherent picture of galaxy-wide MW star formation.
Despite the enormous progress that has been made in exploring the detailed chemistry of the disk with increasingly larger samples (e.g., LAMOST -Xiang et al. 2017; GALAH -De Silva et al. 2015; Gaia-ESO -Jacobson et al. 2016; Smiljanic et al. 2016) , field stars nevertheless suffer from various disadvantages that complicate their use in ascertaining the global properties of the disk, including (a) uncertainties in extinction, intrinsic luminosity, and therefore the distances of individual stars, (b) susceptibility to radial migration, which obscures stellar birth locations and presumably blurs disk properties tracked by location, kinematics, metallicity or age, and (c) large systematic and random uncertainties in deriving ages for individual stars (Clem et al. 2004; Masana et al. 2006 ) -although there is new promise in resolving this latter problem using the techniques of asteroseismology, gyrochronology (e.g., Angus et al. 2015; Barnes et al. 2016) , and even detailed stellar chemistries for red giant stars (e.g., Ness et al. (2016) ).
On the other hand, open clusters have long been used as a key Galactic tracer for probing chemical and age distributions within the MW disk (e.g., Janes 1979; Panagia & Tosi 1980; Carraro & Chiosi 1994; Janes & Phelps 1994; Friel 1995; Cunha et al. 2016) . This is because open clusters behave like simple stellar populations, which enables measurement of reliably-determined ages, distances, metallicities, and, by combining spectroscopic data over many member stars, chemical-abundance patterns. Open clusters are especially valuable as a population tracer probing low Galactic latitudes. Moreover, while clusters can be dynamically heated over time, young open clusters are less likely than individual field stars to have moved significantly from their birth orbits (Friel 1989; Wu et al. 2009) .
In this paper, we exploit some of these advantages, and begin to build a sample of open clusters with reliable ages, distances, and especially, elemental abundances, to study the chemical evolution of the MW thick+thin disk system. We leverage the high-quality abundances of cluster red giant stars obtained as part of the calibration cluster data set in the Apache Point Observatory Galactic Evolution Experiment (APOGEE; Majewski et al. 2015) . We focus in particular on the location of these open clusters among the α-element sequences discussed above, and use the ages of these clusters to place time limits on the key phases of disk formation in the scenarios proposed by Haywood et al. (2013) and Nidever et al. (2014) . An additional outcome of this analysis is to add a chemically-based challenge to the traditional notion that objects classified as open clusters are exclusively denizens of the thin disk.
2. DATA The Apache Point Observatory Galactic Evolution Experiment (APOGEE; Majewski et al. 2015 ) is a near-infrared, high-resolution spectroscopic survey of predominantly red giant stars across the MW, included as part of the third and fourth Sloan Digital Sky Survey (Gunn et al. 2006; Eisenstein et al. 2011; Blanton et al. 2017 ). APOGEE's Hband spectra, at a resolution resolving power of R ∼22,500 allow for the measurement of the chemical abundances of more than 15 chemical elements , some not accessible to from optical spectroscopy. Though taken as part of the APOGEE obser-vations of some 146,000 stars in SDSS-III from 2011-2014, the data used in a Estimates for the age of each cluster: NGC 7789's age is taken from Wu et al. (2007) . M67's age is taken from the average of Schiavon et al. (2004) , Salaris et al. (2004) , and Barnes et al. (2016) . NGC 6819's age is taken from Kalirai et al. (2001) . NGC 188's age is taken from Bonatto et al. (2005) . NGC 6791's age is taken from Brogaard et al. (2011) . b Metallicity of each cluster taken from Dias et al. (2002) , Frinchaboy et al. (2013) , and Meszaros et al. (2013) .
c Estimates for extinction along the line of sight to the cluster taken from the NASA Extragalactic Database (NED).
d Number of cluster stars we identify in the APOGEE DR13 dataset.
e Estimates for the Galactocentric radius and distance from the Galactic plane taken from Wu et al. (2009) .
f Tidal radii, in arcminutes, taken from Piskunov et al. (2008) for NGC 7789 and M67, Yang et al. (2013) for NGC 6819, Wang et al. (2015) for NGC 188, and Platais et al. (2011) for NGC 6791. this paper come from spectra that have been re-reduced, re-calibrated, and made publicly available as part of the recent DR13 data release (Albareti et al. 2016 ) of SDSS-IV. The DR13 reduction of the APOGEE data allows examination of the α-sequence with more precise detail enabled by the most recent version of the APOGEE Stellar Parameters and Chemical Abundances Pipeline (ASPCAP; García Pérez et al. 2016 ). For our study, five open clusters were selected from the list of APOGEE calibration open clusters in Meszaros et al. (2013) . We use these particular clusters because they have been critical to calibrating the APOGEE abundance scale, due to significant pre-existing literature studies that have produced reliable age, metallicity, and extinction estimates. In addition, these five clusters have among the best APOGEE coverage and span the range in age and metallicity for disk clusters used as calibration clusters. The calibration stars targeted by APOGEE in these clusters are flagged in the DR13 database by the AP OGEE CALIB CLU ST ER flag as AP OGEE T ARGET 2 = 10 (Zasowski et al. 2013) . The adopted age, metallicity, position, and extinction for each cluster in Table 1 are chosen to be representative of the full distribution of values in the literature.
To study individual clusters, we must first identify which stars in the observed APOGEE cluster fields are cluster members. Starting from the APOGEE calibration sample, we sought to increase the number of member stars from each cluster to include in our analysis based on a star's spatial location, radial velocity, and [Fe/H] relative to the centroids for the pre-verified calibration cluster members in the DR13 database. We also consider the star's position relative to the best-fit isochrone to the apparent cluster locus in the color-magnitude diagram (CMD). Because of the large fields-of-view of the APOGEE fields, we limit our selection to stars within 1
• of the established cluster centers as given in the literature and the SIM-BAD database. We then created radial velocity histograms of the remaining cluster candidates in 2 km s −1 bins, as shown in Figure 1 (left panel), where the red line signifies stars tagged with AP OGEE CALIB CLU ST ER in AP OGEE T ARGT ET 2 as being a known calibration cluster member. We required cluster members to be within 1.5σ from best-fit Gaussians to the peak of each cluster's radial velocity histogram, as shown by the dotted lines in the left panel of Figure 1 . For NGC 6791, the peak of the distribution fell at -48 km s −1 with a standard deviation of 2.5 km s −1 . The initial 1 • cluster radius selection allowed radial velocity peaks of the potential cluster members to stand out significantly amongst the field stars, as seen, for example, in Figure 1 . Membership identification plots for the four other clusters can be seen in Figure 5 .
Additionally, we required that cluster candidates be within 0.3 dex of the average [Fe/H] for the pre-verified calibration cluster members, as shown in Figure 1 (middle and right panels). The (J − K s , H) CMD of all stars that are within 1
• of the cluster center are plotted for the NGC 6791 example, with all colored points representing those stars that also pass the radial velocity membership criterion. Gold and blue points indicate stars that pass the radial velocity selection and have measured metallicities within 0.3 dex of the mean abundance for the calibration stars in each cluster. Our next step was to make cluster cuts based on position relative to a roughly best-fit isochrone in the CMD.
For NGC 6791, the isochrone shown in the middle panel of Figure 1 was created using the Dartmouth Stellar Evolution Isochrone generator (Dotter et al. 2007) (Dotter et al. 2007) . The inner circle is half the published tidal radius of the cluster and the outer circle has a radius of 1 degree, centered on the cluster central coordinates.
[α/H]=0.2 and an age of 8.3 Gyr. From Cardelli et al. (1989) we obtain the adopted J − K s extinction relation of E(J − K s ) = 0.52 E(B − V ). With this exploration of the CMD distribution, we are able to remove stars that clearly were separate from other cluster members.
Our final step in the cluster member identification procedure is to impose another, more strict spatial limit, where needed, by requiring cluster candidates to be within half the known tidal radius of the cluster center, to further improve the likelihood of securing certain cluster members. The assumed tidal radii and their sources for each cluster are included in Table 1 . This last criterion was imposed to ensure that the stars eventually chosen to be cluster members are likely to actually be under the influence of the cluster potential. In the end, the adopted combined selection criteria were rather conservative, to obtain samples as pure as possible to represent the mean chemistry of the cluster, at the price of likely cutting some cluster members that may be in the APOGEE catalog.
The result of this multistep selection process is shown for the NGC 6791 example in Figure 1 (right panel), where the blue symbols denote the final cluster member identifications that pass all of our adopted criteria. For our analysis, the final sample consists of 96 stars from the five open clusters (Table 1) , specifically: 16 from NGC 7789, 32 from M67, 41 from NGC 6819, 2 from NGC 188, and 5 from NGC 6791. A list of all notable parameters for individual stars identified in each cluster is provided in Table 2 . The reference solar abundance values adopted for our analysis are given in Asplund et al. (2005) .
We note that three of the open clusters (NGC 6791, M67, and NGC 6819) in our study have been shown independently to be internally very chemically homogeneous, especially for the elements iron, sodium, and oxygen, at the dispersion level of ∼ 0.05 − 0.07 dex for NGC 6791 (Cunha et al. 2015) and ∼ 0.02 − 0.05 dex for M67 and NGC 6819 respectively (Bovy 2016) . Thus the abundance scatter we see in these clusters is likely dominated by the measurement uncertainty from the DR13 analysis of the APOGEE spectra.
We also note that our star selection for NGC 6791 represents only 5 of the 11 stars used in Cunha et al. (2015) . Of the eleven stars used in their independent (i.e., non-ASPCAP) analysis we exclude four automatically due to the stars being cooler than T eff = 4000 K, where the ASPCAP abundances are poorly constrained. The other two were eliminated from our analysis due to our conservative signal-to-noise criteria (S/N ≥ 100), but, in fact, these stars have ASPCAP-derived abundances in line with the mean values of the five NGC 6791 stars included in our analysis, and so would not have affected our results had we modified our selection criteria to include them. When comparing mean abundances of [O/Fe] and [Na/Fe] for the matching NGC 6791 stars in our sample we find good agreement with the Cunha et al. (2015) results. Additionally, the individual oxygen and sodium abundances all agree within the combined 1σ uncertainties of each analysis of the database.
3. RESULTS Figure 2 shows the [α/Fe]-[Fe/H] distribution for the identified cluster members plotted against MW field stars in the DR13 dataset. Measured properties of individual cluster member stars for all five clusters examined can be found in Table 2 .
Because they may have potentially larger errors in derived properties from their APOGEE combined spectra, we cut from the total field star sample any stars with: (1) an absolute error in the measured radial velocity of larger than 0.2 km/s, (2) a visit-to-visit velocity scatter of ≥ 1 km s −1 , (3) a T eff ≤ 4000 K, and (4) a S/N ≤ 100. We additionally split the field star sample into a low-Z GC (Z GC ≤ 1 kpc) solarcircle (R ⊙ ∼ 8 kpc) dataset and a high-Z GC (Z GC ≥ 1 kpc) dataset. Galactocentric radii were calculated using distance data for APOGEE stars from Santiago et al. (2016) , and adopting a solar Galactocentric distance of 8 kpc. As expected, the high-Z GC cut does an efficient job of removing the majority of the low-α sequence primarily associated with the thin-disk of the MW. We additionally checked the stellar characteristics of identified cluster members to ensure there was no inherent biasing in our chemical abundance analysis by the actual stars identified. Figure 3 plots surface gravity versus effective temperature for each of the cluster members. The clear spread of stars within each cluster for these properties shows we are sampling a relatively large distribution of surface gravity and temperature across the entire sample and within each cluster itself. If our abundances were being systematically biased by poorly constrained stellar characteristics as a result of these large distributions, we would expect to see an equally large spread in the mean abundance values for each of the clusters. This effect is not seen in any of the five clusters studied here. In particular, NGC 6791, which, as we shall show exhibits quite distinct chemical abundance properties (Figure  2 ), is sampled in log g -T eff space quite similarly to NGC 7789, NGC 6819 and NGC 188, and has been sampled in at least a partly overlapping log g range with M67 ( Figure  3 ). Moreover, a one-to-one comparison of the stars in NGC 6791 manually analyzed in Cunha et al. (2015) shows agreement to within 0.1 dex for the DR13 ASPCAP values, which re-affirms the accuracy and consistency of this pipeline.
The four youngest open clusters studied here lie along the densest region of the low-α sequence that is associated with the thin disk (and in the part of that sequence dominated by stars near the solar circle), and are clearly separated from the high-Z GC track ( Figure 2 ). As expected, these clusters are clearly part of the thin disk, and as a group provide some information on the age spread of stars in the low-α sequence.
However the 7 Gyr age distribution of the five clusters places only a lower limit on the maximum age for the low-α sequence, since these objects lie roughly in the middle of the [Fe/H] range of that sequence. That said, if one compares the relative positions of the four younger clusters within the low-α sequence, there is an unexpected (though slight, and therefore tentative) correlation of the clusters' mean [α/Fe]-[Fe/H] position with age, in the sense that the most metal-rich thindisk cluster (NGC 188) is the oldest and the most metal-poor thin-disk cluster (NGC 7789) is the youngest. This trend, derived from a small sample of four clusters, may be entirely spurious, but, if not, could perhaps reflect a poorly mixed ISM during the formation of these clusters.
We can further confirm the membership of these four younger clusters in the low-sequence by examining their distribution relative to MW field stars for individual elemental abundances (shown in Figure 4) . Magnesium, carbon, and nitrogen are three of the most reliable and well-studied elements within APOGEE, and Mg is particularly effective in cleanly separating the field stars into the high-and low-α sequences (Hayes et al. 2017) . Figure 4, Table 1 , among the five clusters studied here, NGC 6791 is the oldest (8 ± 1 Gyr) 1 , the most metal-rich ([F e/H] = 0.38), and lies farthest from the Galactic plane at Z GC = 1.1 kpc (Carretta et al. 2007; Cunha et al. 2015; Dalessandro et al. 2015) . The fact that NGC 6791 lies nearly four old thin-disk scale heights (h z,D = 350 pc) from the Galactic mid-plane already suggests that NGC 6791 is not likely part of the thin disk (Buser 2000) . Our multi-element chemical analysis using APOGEE further supports the peculiarity of this cluster.
DISCUSSION
In the following sections we describe different scenarios for the origin of NGC 6791, and discuss what implications these have for the evolution of the stellar populations of the MW. In §4.1 we present several origins we believe we can rule out based on currently available data. In §4.2 we discuss the two most likely remaining possibilities for the origin of NGC 6791 i.e. that it originates from either the bulge or the thick disk of the MW. In either case, and taking advantage of the universal nature of the high-alpha sequence across the Galaxy, in §4.3 we use the five clusters in our sample to timestamp what appears to be a major transition point (from the high-to low-α sequence) in the chemical evolution of the MW.
Unlikely Origins for NGC 6791
Initial examination of the chemistry of NGC 6791 in Figure 2 may lead one to conclude that this cluster is equally misfit from either the low-α or high-α sequence, or that is could lie on an extrapolation on the trends of either sequence. Indeed, Figure 2 conveys the impression that NGC 6791 may actually fit better to an extrapolated low-α sequence than to an extrapolated high-α sequence. Of the various chemical planes shown in Figures 2, 4 , and 6, the C+N and Mg distributions have the clearest separation between the low-and high-α sequences and show a prominent feature in the solarcircle cut (right hand panels) that extends from the low-α sequence to the high-metallicity location of NGC 6791. Such a connection to the thick disk sequence (left hand panels) is not as obvious in those chemical planes. This might lead one to believe that this cluster is a super-solar extension of the thin-disk population. However, the shear number of stars in the solar circle cut (51948) versus the thick-disk cut (8600) gives a misleading impression, as the wings of the low-α distribution are much easier to see when you display over six times more stars. In addition, if we compare thin-disk stars of similar age and α abundance to NGC 6791, we find that their median distance (R GC ) is 2-3 kpc closer to the Galactic center than the present location of NGC 6791 (see Figure 1 of Martig et al. 2016) .
Thus, if one were to argue a thin disk origin for NGC 6791, its current Galactic location would need to be explained, given that the chemical counterparts in the thin disk are both closer to the mid-plane and closer to the Galactic center. While, the present Z GC of NGC 6791 could have derived from vertical kinematical heating over a long timescale while orbiting in the thin-disk 2 , it must be accompanied by an outward radial migration several times larger. Wu et al. (2009) analyzed the orbits and kinematics of 488 open clusters in the MW and found that the observed radial metallicity gradient for open clusters currently located at R GC ≤ 13.5 kpc is equivalent to the one derived from the apogalacticon distances of the cluster orbits. This implies that orbits of open clusters are not significantly affected by radial migration, because one would expect the metallicity gradient to flatten out with time (Jacobson et al. 2011) . Thus any radial migration on the order of several kpc, needed to explain the current location of NGC 6791, seems unlikely. Yet another explanation for NGC 6791's peculiar properties is that it may be the remnant of a tidally disrupted infalling satellite. This would be consistent with the cluster's presently high mass (∼ 5 × 10 3 M ⊙ ) among open clusters. However, while we cannot completely rule this possibility out, we believe it is unlikely given that all dwarf galaxies analyzed to date have an old (∼ 13 Gyr) stellar population clearly not present in this cluster (Weisz et al. 2014) . Furthermore, its high metallicity compared with the much lower mean metallicities of Local Group dwarf galaxies (Tolstoy et al. 2009) , and simulations of the chemical evolution of satellites in MW-like halos (Lee et al. 2015 ) make this possibility even more unlikely. Moreover, the observed stellar velocity dispersion of our member stars (2.5 km s −1 ) is much smaller than typically seen in dark-matter-dominated dwarf satellites (Matteucci 2014) .
If not a dwarf galaxy remnant, perhaps NGC 6791 at least started life as a different kind of cluster. While open clusters are normally associated with the younger, thin disk, NGC 6791 would not violate this paradigm if it were not, in fact, an open cluster to begin with. The idea that NGC 6791 may have started life as a globular cluster has been discussed previously, based on the fact that, unlike other open clusters but similiar to typical globular clusters, NGC 6791 may contain multiple stellar populations, as suggested by an apparent bimodality in the Na abundances of the stars detected by Geisler et al. (2012) . On the other hand, several follow-up studies to that study have not confirmed the existence of a double Na abundance in NGC 6791, which weakens this chemical argument for its origin as a globular cluster (Bragaglia et al. 2014; Boesgaard et al. 2015; Cunha et al. 2015) .
More Viable Possibilities for NGC 6791s Origin
Two more compelling explanations for NGC 6791 are that it was born in an already vertically extended disk structure, or that it was expelled as part of a major perturbation from the bulge, likely caused by the bar of the MW. We note that, in the latter case, any major event strong enough to effect NGC 6791 might have also affected much of the rest of the existing disk at that time -something that may explain the chemical uniformity of the high-α population across the Galaxy. We consider each of these possibilities in the following sections as equally plausible and likely scenarios.
NGC 6791's Origin as a Bulge Cluster
Recently, evidence from APOGEE has pointed towards chemical differences in bulge stars identified in Baade's Window (BW) compared with 2904 thin-and thick-disk stars having R GC ≤ 7.7 kpc from the same data release (DR13) and calibration pipeline (ASPCAP) (Schultheis et al. 2017 (Figure 2) . Thus despite the difficulty in modeling exactly how NGC 6791 arrived at its present location, the detailed chemistry of the cluster strongly suggests a connection with the MW bulge.
Perhaps, then, NGC 6791 formed originally in the inner Galaxy or bulge and then was subsequently moved outwards to its present Galactocentric radius via an interaction with the bar. Bedin et al. (2006) used the proper motion of NGC 6791 as derived from HST measurements of its stars to determine that this was a plausible scenario for this cluster. More recently, Jilkova et al. (2012) studied this possibility in detail by modeling the orbit of open clusters in response to a strong tidal perturbation from a galactic bar like that seen in the MW. They find that, under certain physical conditions and assumptions, a strong bar could indeed perturb a cluster to an orbit that matches the apo-Galacticon and periGalacticon (8.5 and 5 kpc respectively) derived for NGC 6791 (Jilkova et al. 2012) . Crucially, however, these authors note that the possibility of this actually happening in their simulations was only 0.4%. Moreover, the parameters of the model capable of displacing NGC 6791 to its present location require us to redistribute the entire mass budget of the bulge in the model to the bar (effectively doubling its mass). Even with this unphysical and unlikely mass redistribution, this model still struggles to reproduce NGC 6791's height above the Galactic mid-plane. Therefore, despite the apparently promising chemical connection between NGC 6791 and the Galactic bulge, it seems challenging to come up with a dynamical scenario that accounts for the cluster's current Galactic location far from the MW center.
NGC 6791's Origin as a Thick Disk Cluster
We believe that the large vertical distance from the disk is suggestive of NGC 6791's origin and membership in the thick disk, due to the statistical unlikelihood of being jettisoned from the bulge or displaced by a massive disk heating event. Additionally, this cluster has an age consistent with the distribution of ages seen in the thick-disk (∼ 8 − 12 Gyr), further justifying our use of NGC 6791 below in age-dating the metal-rich end of the high-α sequence (Haywood et al. 2013; Bensby et al. 2014 ). An important clue to NGC 6791s origin must be its age. Despite a variety of different means to ascertain its age, all studies agree that NGC 6791 is rather ancient, with derived ages falling in the range from 7-9 Gyr. If one assumes an age at the upper end of this distribution, then NGC 6791 would be a contemporary of at least some MW globular clusters (Grundahl et al. 2008) . Nevertheless, NGC 6791 is more metal rich than GC's at similar ages in the thick disk and halo of the MW that also lie in the annulus Z ≥ 1 kpc and 8 ≤ R GC ≤ 13 kpc, which shows that NGC 6791 does not fit in the classical definition of MW GCs, and, at best would be an extreme outlier in the MW GC population. If instead we assume an age for NGC 6791 on the lower end of the 7-9 Gyr range, we can more easily explain it as an open cluster, but one with a unique chemistry (i.e., star formation history) compared to the majority of open clusters found in the thin disk of the MW.
Note that, as mentioned above and shown by Nidever et al. (2014) and Hayden et al. (2015) , the shape and distribution of stars along the high-α sequence is independent of position within the disk -only the relative density of the high-α population with respect to the low-α population varies with Galactocentric radius and distance from the Galactic plane. Thus, the position occupied by NGC 6791 in the high-α, high-[F e/H] region should not depend on the Galactocentric position of this cluster. Given that it is expected that chemical evolution proceeds from low to high metallicity, NGC 6791's unique position suggests that it may have formed at an epoch when that population reached its highest metallicity. Thus, the ∼ 8 Gyr age for NGC 6791 may put a unique time stamp on the end of the formation of the high-α stellar population of the MW.
Time Stamps on Galactic Chemical Evolution
While bulge and thick disk stars in the solar neighborhood likely have some differences in their detailed chemistry (e.g., Schultheis et al. 2017) , the two populations nevertheless experienced similar, though not identical, chemical evolution (Melendez et al. 2008) . Bensby et al. (2017) point out that the Galactic bulge has both age and abundance properties that appear to be tightly connected to the other primary Galactic stellar populations. Here we argue that if the bulge and thick disk populations have similar star formation timescales, star formation rates, and initial mass functions, then regardless of which stellar population NGC 6791 came from, the cluster appears to hold a unique role among the presently known and characterized MW star clusters in placing a key timestamp on a potentially significant phase in the evolution of our Galaxy's stellar populations.
In a study of the evolution of disk-like galaxies, Leroy et al. (2008) found that regions of the ISM dominated by neutral atomic hydrogen have a star formation efficiency (SFE: SFR(M ⊙ /yr)/M * ) that decreases with radius. If this scenario holds, then early on the entire MW disk must have been dominated by molecular gas, producing a high and roughly constant SFE, the latter explaining the MW-wide uniformity in the observed high-α sequence of stars. Gradually, the ISM began to transition to a neutral atomic state with the infall of pristine gas, reducing its SFE substantially, while the SFE in the inner Galaxy remained high. This net evolutionary scenario would produce a single high-α, high-SFE sequence in the inner Galaxy, but a dual-SFE, dual-α sequence in the outer Galaxy, as is observed (e.g. Hayden et al. (2015) ).
In this context, the age (8 ± 1 Gyr) and metallicity of NGC 6791 suggest that this star cluster formed at the very end of the high SFE (high-α) sequence, before the infall of pristine gas onto the galaxy caused the jump to the low SFE (low-α) sequence, which is at least as old as ∼ 7 Gyr -i.e., the age of the cluster NGC 188 3 , which lies squarely on the low-α sequence. Remarkably, the evolution from the high-α to low-α chemical sequence appears to be bracketed by the ages of these two clusters, which are currently dated with reasonably accurate confidence to be within 1 Gyr of each other. In this way, NGC 6791 and NGC 188 may be a critical pair of star clusters that play a key role in age dating, rather precisely, both the timing and the duration of an important transition point in the chemical history of the MW. Even more remarkably, this chemical transition age -i.e., between about 7 and 8 Gyr ago -is consistent with the one estimated independently by infall models of Galactic chemical evolutionwhere the thin-disk (low-α sequence) was formed with a low SFE and a long timescale (∼ 8 Gyr) infall chosen to match the timescales used in Chiappini et al. (1997) . The model is initially described by Nidever et al. (2014) , and more fully described in Andrews et al. (2016) .
On the other hand, Haywood et al. (2013) -who analyzed a sample of 1111 solar neighborhood stars from Adibekyan et al. (2011) that have high-quality abundance determinations and S/N ≥ 200 for most (55%) of sample -found a distinct overlap between the ages of stars in the metal-rich, high-α sequence and the metal-poor, low-α sequence in the solar neighborhood. This complicates our view of a sharp transition of the SFE at ∼ 8 Gyr ago, and implies a more gradual transition between the two modes of disk formation of the MW. While the overlap might be explained by uncertainties in the derived ages for the field-star sample, it still complicates the SFE-transition scenario proposed by Nidever et al. (2014) .
Further, Nidever et al. (2014) propose a scenario whereby the bi-modality and the low-α sequence we observe in the solar neighborhood could result from a superposition of stellar populations born at different radii. This model is attractive because it does not require any sharp SFE transitions or fine-tuned infall scenarios to explain the observed sequences. Additionally, the superposition model can explain the shift in the median [Fe/H] of the low-α locus with Galactocentric radius. In this context, the observed age gradient of the four open clusters in our sample would either represent open clusters that formed with four different star formation enrichment histories, or open clusters that formed with a single SFH and subsequently radially migrated. Given the age of the open clusters in our study, we cannot rule out either possibility, even if our observed age gradient is in the opposite sense to what others have found in the solar neighborhood .
Finally, while we have demonstrated how open clusters can be useful for age-dating critical chemical-evolution phases in the disk, this discussion has been limited to the open clusters observed in a homogeneous fashion and in the greatest detail by APOGEE -a sample selected to ensure the greatest reliability in the inter-comparison of relative cluster chemistries. This sample will be improved and expanded in the future with APOGEE-2 (including clusters in both the Northern and Southern Hemispheres), and independent analyses of these and other clusters will be provided by other surveys, such as GALAH, LAMOST, and the Gaia ESO survey. With greater coverage of clusters around the Galactic disk, and of the agechemistry distribution at different points throughout the disk, a confidently time-stamped chemical evolution scenario can be achieved.
CONCLUSION
We have used elemental-abundance information on Galactic red giant stars in five open clusters from the Apache Point Observatory Galactic Evolution Experiment (APOGEE) DR13 dataset to age-date the chemical evolution of the highand low-α element sequences of the MW disk system. The following conclusions are reached: (1) NGC 6791's peculiar age, Galactocentric radius, and height above the Galactic plane already mark it as an unusual system, an extreme object with characteristics well outside the norm of typical thin disk open clusters. The APOGEEderived abundances for stars in NGC 6791 put them in the high metallicity, high-α region of the [α/Fe]-[Fe/H] plane, regions also occupied by stars from the Galactic thick disk as well as stars from Baade's Window. This suggests that, at least chemically, NGC 6791 may either have a close association with the thick disk or that it has been displaced from the Galactic bulge. While the NGC 6791 chemical match is closer to Baade's Window stars than for thick disk stars, it is difficult to understand how a cluster formerly in the Galactic bulge could have been ejected to the solar neighborhood. We rule out that this cluster could be a high-α metallicity extension of the low-α, thin disk sequence, because of age and metallicity mismatches for field stars at the same galactocentric radius.
(2) NGC 6791 lies at the high-metallicity end ([Fe/H] ∼ 0.3) of the high-α sequence, it allows us to use the derived age of the cluster to place an upper limit to the age of the high metallicity endpoint of the high-α sequence. The age of NGC 6791 also well-matches the transition time adopted in models attempting to explain the evolution from the high-to low-α sequences of the Galactic disk using simple models gas infall onto galaxies. (3) There is a gap of ∼ 1 Gyr between NGC 6791 and the next youngest cluster in our sample, NGC 188. The age and chemical location of NGC 188 also allows us to set a lower limit of 7 ± 0.5 Gyr on the oldest stars in the low-α sequence of the MW. In this context, NGC 6791 and NGC 188 are potentially a pair of star clusters that bracket both the timing and the duration of an important transition point in the chemical history of the MW.
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